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(57) ABSTRACT

Disclosed herein are a vehicle-to-vehicle (V2V) communi-
cation-based vehicle identification apparatus and an identi-
fication method thereof. The V2V communication-based
vehicle identification apparatus includes a radar sensor unit
sensing radar information corresponding to relative dis-
tances to object vehicles, a GPS module unit generating GPS
information from GPS satellites, a V2V communication unit
transmitting the generated GPS information to the object
vehicles and receiving GPS information of the object
vehicles from the object vehicles through vehicle to vehicle
(V2V) communication, and a controller calculating prob-
abilities that the GPS information of the object vehicles will
be located at areas, set based on the sensed radar informa-
tion, and identifying vehicles corresponding to the radar
information and the GPS information of the object vehicles
based on the calculated probabilities.

7 Claims, 7 Drawing Sheets
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V2V COMMUNICATION-BASED VEHICLE
IDENTIFICATION APPARATUS AND
IDENTIFICATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 2012-0099455, filed on Sep. 7, 2012 in the
Korean Intellectual Property Office, the disclosure of which
is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present invention relate to a vehicle-
to-vehicle (V2V) communication-based vehicle identifica-
tion apparatus which identifies neighboring vehicles by
receiving GPS information from neighboring vehicles, and
an identification method thereof.

2. Description of the Related Art

In general, a collision warning system is a safety appa-
ratus which senses dangers of collision by detecting the
positions of a road and neighboring vehicles using a sensor
in place of human sense, warns a driver of risk of accident
through visual and auditory sensing units and a tactile
sensing unit, and helps the driver recognizing the risk of
accident to cope with an accident.

Collision warning systems include a forward collision
warning (FCW) system, a blind spot warning system (BSW)
system, etc.

A collision warning system detects the position of its
personal vehicle using a global positioning system (GPS),
transfers position information on its personal vehicle, i.e.,
GPS information, to neighboring vehicles using a V2V
communication technique, detects the positions of the neigh-
boring vehicles by receiving GPS of the neighboring
vehicles in real time, and calculates distances to the neigh-
boring vehicles, thus reducing risk of accident.

A V2V communication-based vehicle identification appa-
ratus applied to such a collision warning system receives
various pieces of data, such as GPS information, from
neighboring vehicles. In order to use such data, vehicle
identification to detect from which vehicle the data is
received is required.

SUMMARY

Therefore, it is an aspect of the present invention to
provide a vehicle-to-vehicle (V2V) communication-based
vehicle identification apparatus which identifies neighboring
vehicles based on stochastic analysis using GPS information
and radar sensing information, and an identification method
thereof.

Additional aspects of the invention will be set forth in part
in the description which follows and, in part, will be obvious
from the description, or may be learned by practice of the
invention.

In accordance with one aspect of the present invention, a
V2V communication-based vehicle identification apparatus
includes a radar sensor unit sensing radar information cor-
responding to relative distances to object vehicles, a GPS
module unit generating GPS information from GPS satel-
lites, a V2V communication unit transmitting the generated
GPS information to the object vehicles and receiving GPS
information of the object vehicles from the object vehicles
through vehicle to vehicle (V2V) communication, and a

15

20

25

30

35

40

45

2

controller calculating probabilities that the GPS information
of the object vehicles will be located at areas, set based on
the sensed radar information, and identifying vehicles cor-
responding to the radar information and the GPS informa-
tion of the object vehicles based on the calculated probabili-
ties.

The controller may set oval areas as areas where the
object vehicles are located based on the sensed radar infor-
mation.

The oval areas may be oval areas in which only linear
motion is permitted without rotation.

The controller may calculate the probabilities Bel(x,) that
the GPS information of the object vehicles will be located
using Equation 1 below,

bel(x,) =np(z, | x,)bel(x,) [Equation 1]

WXH»I) = fp(xm | xe)bel(x,)d x;

= Z Py | X )bel(x,)

Xt

here, 1 may be a normalization constant, z, may be an
improved relative distance between a processed GPS posi-
tion and a radar position, p(z,/x,) may be a measurement
accuracy probability, and p(x,+1/x,) may be a state transition
update probability.

The controller may select combinations, the calculated
probability values of which are large, and identify vehicles
corresponding to the radar information and the GPS infor-
mation of the selected combinations.

In accordance with another aspect of the present inven-
tion, a V2V communication-based vehicle identification
method includes sensing radar information corresponding to
relative distances to object vehicles, receiving GPS infor-
mation of the object vehicles from the object vehicles,
setting oval areas as areas where the object vehicles are
located based on the sensed radar information, calculating
probabilities that the GPS information of the object vehicles
will be located at the set oval areas, and identifying vehicles
corresponding to the radar information and the GPS infor-
mation of the object vehicles based on the calculated prob-
abilities.

The oval areas may be oval areas in which only linear
motion is permitted without rotation.

The probabilities Bel(x,) that the GPS information of the
object vehicles will be located may be calculated using
Equation 1 below,

bel(x,) = np(z | x)bel(x,) [Equation 1]

Bel(x;)) = fp(xm | x,)bel(x,)d x,

= Z Py | X )bel(x,)

here, 1 may be a normalization constant, z, may be an
improved relative distance between a processed GPS posi-
tion and a radar position, p(z,/x,) may be a measurement
accuracy probability, and p(x,+1Ix,) may be a state transition
update probability.

The V2V communication-based vehicle identification
method may further include selecting combinations, the
calculated probability values of which are large, and iden-
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tifying vehicles corresponding to the radar information and
the GPS information of the selected combinations.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1 is a view illustrating the configuration of a colli-
sion warning system to which a V2V communication-based
vehicle identification apparatus in accordance with one
embodiment of the present invention is applied;

FIG. 2 is a control block diagram of the V2V communi-
cation-based vehicle identification apparatus in accordance
with the embodiment of the present invention;

FIG. 3 is a graph illustrating relative distances due to
radar and relative distances due to GPS in the V2V com-
munication-based vehicle identification apparatus in accor-
dance with the embodiment of the present invention;

FIG. 4A is a view illustrating general radar probabilities
in the V2V communication-based vehicle identification
apparatus in accordance with the embodiment of the present
invention;

FIG. 4B is a view illustrating modified radar probabilities
in the V2V communication-based vehicle identification
apparatus in accordance with the embodiment of the present
invention;

FIG. 5 is a graph illustrating results of calculation of
probabilities of vehicle identification in the V2V communi-
cation-based vehicle identification apparatus in accordance
with the embodiment of the present invention; and

FIG. 6 is a flowchart illustrating a control method of a
V2V communication-based vehicle identification apparatus
in accordance with one embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings, wherein like reference numer-
als refer to like elements throughout. In the following
description of the present invention, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the
present invention rather unclear. In the drawings, the widths,
the lengths, the thicknesses, etc. of elements may be exag-
gerated for convenience of description. Further, in the draw-
ings, the same or similar elements are denoted by the same
reference numerals even though they are depicted in differ-
ent drawings.

FIG. 1 is a view illustrating the configuration of a colli-
sion warning system to which a V2V communication-based
vehicle identification apparatus in accordance with one
embodiment of the present invention is applied.

With reference to FIG. 1, a personal vehicle 10 and plural
object vehicles 20 and 30 around the vehicle 10 are provided
so as to be communicable with each other. The respective
vehicles 10, 20, and 30 exchange information through V2V
communication among V2V communication-based vehicle
identification apparatuses provided on the respective
vehicles 10, 20, and 30.

Further, the personal vehicle 10 and the plural object
vehicles 20 and 30 receive GPS information of the respec-
tive vehicles 10, 20, and 30 through GPS communication
with GPS satellites 40. The V2V communication-based
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4
vehicle identification apparatuses provided on the respective
vehicles 10, 20, and 30 receive GPS information through
GPS communication with the GPS satellites 40.

FIG. 2 is a control block diagram of the V2V communi-
cation-based vehicle identification apparatus in accordance
with the embodiment of the present invention.

With reference to FIG. 2, the V2V communication-based
vehicle identification apparatus provided on the personal
vehicle 10, for example, a communication-based vehicle
identification apparatus, includes a radar sensor unit 11, a
GPS module unit 12, a V2V communication unit 13, and a
controller 14.

The radar sensor unit 11 senses relative distances between
the personal vehicle 10 and the object vehicles 20 and 30.

The GPS module unit 12 receives GPS satellite signals
from the GPS satellites 40 and generates position informa-
tion of the vehicle 10.

The GPS module unit 12 generates GPS information
including GPS position coordinates (x,y), driving direction
0, current velocity v, etc. of the vehicle 10.

Here, the GPS position coordinates may be extracted
through the GPS module unit 12, the driving direction 8 may
be the absolute angle of the current moving direction of the
vehicle 10, and the current velocity v may be confirmed
through the GPS module unit 12 or a speedometer of the
vehicle 10.

The V2V communication unit 13 transmits the GPS
information of the personal vehicle 10 to the neighboring
vehicles 20 and 30 and receives GPS information of the
neighboring vehicles 20 and 30 from the neighboring
vehicles 20 and 30 through V2V communication.

The controller 14 performs overall vehicle identification
control. That is, the controller 14 identifies the neighboring
vehicles 20 and 30 based on stochastic analysis using GPS
information and radar sensing information.

Hereinafter, a process of identifying neighboring vehicles
through the controller 14 based on stochastic analysis using
GPS information and radar sensing information will be
described in more detail.

The position of object vehicles sensed by the radar sensor
unit 11 may be expressed as X, y coordinates. GPS infor-
mation, i.e., the position information of the object vehicles
received through communication, may be converted into x,
y coordinates.

FIG. 3 is a graph illustrating relative distances due to
radar and relative distances due to GPS in the V2V com-
munication-based vehicle identification apparatus in accor-
dance with the embodiment of the present invention.

With reference to FIG. 3, reference numeral 50 is radar
information of the first object vehicle 20, and reference
numeral 51 is GPS information of the first object vehicle 20.

Further, reference numeral 52 is radar information of the
second object vehicle 30, and reference numeral 53 is GPS
information of the second object vehicle 30.

If these pieces of information are provided, the respective
pieces of information are basic factors in function develop-
ment using communication to identify the first object vehicle
20 and the second object vehicle 30.

FIG. 4A is a view illustrating general radar probabilities
in the V2V communication-based vehicle identification
apparatus in accordance with the embodiment of the present
invention, and FIG. 4B is a view illustrating modified radar
probabilities in the V2V communication-based vehicle iden-
tification apparatus in accordance with the embodiment of
the present invention.
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It is known that radar is relatively accurate in the longi-
tudinal direction but is inaccurate in the transversal direc-
tion.

It is assumed that radar has oval-shaped probabilities, as
exemplarily shown in FIG. 4A.

Since a commercial GPS has an error of 10 m to 20 m,
radar is as a reference signal in this embodiment.

Radar probability calculation shown in FIG. 4A should be
performed, but it is difficult to actually perform such calcu-
lation due to characteristics of radar. Further, since there is
uncertainty of radar, the above assumption is uncertain. In
consideration of two facts, a radar probability is converted
from an oval shape shown in FIG. 4A to an oval shape
shown in FIG. 4B, in which only linear motion is permitted
without rotation. Here, the probability is calculated accord-
ing to the position of X, y coordinates (Xspg, ¥gps) acquired
through GPS. That is, the radar probability is set to an oval
area, and a formula of an oval area in which only linear
motion is permitted without rotation is used for convenience
of calculation.

(x—xcps)® (- yaps)® - [Formula 1]

=1
b

a3

Here, x and y represent coordinates of a point which is
assumed to be the actual position of the vehicle, and a, and
b, represent a pair of focal points al and b1, a2 and b2, or
a3 and b3 of ovals corresponding to probability areas s1, s2,
and s3.

Thereafter, the probability is calculated using the equation
below.

Here, the probability is calculated using Belief theory.

x~=ID_Conformed or x,=ID_Not_Conformed. x, may rep-
resent ID conformity or ID nonconformity.

7, is an improved relative distance between a processed
GPS position and a radar position.

If the GPS position and the radar position confirm with
each other and are recognized as information of one vehicle,
x, has a value of ‘1°.

7, is a relative distance (X, y), i.e., distance information
calculated using GPS information, etc.

p(z,x,) is a measurement accuracy probability (measure-
ment update equation).

p(x,,,/x,) is a state transition update probability (time
update equation).

Prior and posterior belief values Bel(x,), Bel(x,,,) are
calculated by Equation 2 below using localization (for
example, Markov localization).

[ Equation 2
Bel(x,4)) = fp(xvrl | x)bel(x,)dx, [Eq !

= Z X1 | X, )bel(x,)

Equation 2 may be expressed as Equation 3 below

bel(x,)=np(z,Ix,)bel(x,) [Equation 3]

Here, m is a normalization constant, Bel(x,) is a prior
belief value, i.e., a prior probability value of the position x,
and Bel(x+1) is a posterior belief value, i.e., a posterior
probability value of the position x.

Bel(x,) is a probability value. As Bel(x,) approaches 1,
accuracy is increased.
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6

In Markov localization, the position of an object vehicle
is estimated using GPS information for an oval area deter-
mined by random radar sensing information without prior
knowledge. Through such Markov localization, rather than
the assumption of a position where a vehicle is located, a
probability distribution of all positions where one vehicle
may be located may be managed.

In this way, radar sensing information is set as a reference,
and an object vehicle is identified, i.e., whether or not the
object vehicle is the first object vehicle or the second object
vehicle or whether or not there is no corresponding object
vehicle is judged, through fusion of the radar sensing
information with GPS information.

FIG. 5 is a graph illustrating a result of calculation of
probabilities of vehicle identification in the V2V communi-
cation-based vehicle identification apparatus in accordance
with the embodiment of the present invention.

With reference to FIG. 5, probabilities of four situations
may be judged by combining radar sensing information and
GPS information of the first object vehicle 20 and radar
sensing information and GPS information of the second
object vehicle 30.

That is, since two pieces of radar information radar 1 and
radar 2 and two pieces of GPS information GPS 1 and GPS
2 are combined, four situations radar 1 & GPS 1 60, radar
1 & GPS 2 61, radar 2 & GPS 1 62, and radar 2 & GPS 2
63 are acquired.

As exemplarily shown in FIG. 5, as a result of calculation
of probabilities of vehicle identification in the four situa-
tions, probability values of vehicle identification in the
situations radar 1 & GPS 1 60 and radar 2 & GPS 2 63 are
about 0.9 to 1, and thus, it may be understood that radar 1
and GPS 1 are information of the same vehicle and radar 2
and GPS 2 are information of the same vehicle. That is, it
may be understood that the combination of radar 1 and GPS
1 and the combination of radar 2 and GPS 2 are effective
combinations.

Thereby, it may be judged that radar 1 and GPS 1 are
information corresponding to the first object vehicle 20 and
it may be judged that radar 2 and GPS 2 are information
corresponding to the second object vehicle 30.

However, probability values of vehicle identification in
the situations radar 1 & GPS 2 61 and radar 2 & GPS 1 62
are about 0.1 to 0.2, and thus, it may be understood that radar
1 and GPS 2 are not information of the same vehicle and
radar 2 and GPS 1 are not information of the same vehicle.
That is, it may be understood that the combination of radar
1 and GPS 2 and the combination of radar 2 and GPS 1 are
ineffective combinations.

Thereby, it may be judged that radar 1 and GPS 2 are
information not corresponding to any one of the first object
vehicle 20 and the second object vehicle and it may be
judged that radar 2 and GPS 2 are information not corre-
sponding to any one of the first object vehicle 20 and the
second object vehicle 30.

FIG. 6 is a flowchart illustrating a control method of a
V2V communication-based vehicle identification apparatus
in accordance with one embodiment of the present inven-
tion.

With reference to FIG. 6, the vehicle identification appa-
ratus senses radar information through the radar sensor unit
11 (Operation 100). If a first object vehicle 20 and a second
object vehicle 30 are present as neighboring vehicles, the
vehicle identification apparatus senses two pieces of radar
information radar 1 and radar 2.

Thereafter, the vehicle identification apparatus respec-
tively receives GPS information of the first object vehicle 20
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and GPS information of the second object vehicle 30
through the V2V communication unit 13 (Operation 110).

After reception of the GPS information through V2V
communication, the vehicle identification apparatus sets
oval areas as radar probabilities that object vehicles will be
located based on the sensed radar information (Operation
120).

After setting of the oval areas as the radar probabilities,
the vehicle identification apparatus calculates probabilities
that GPS information will be located according to the set
oval areas (Operation 130). Calculation of the probabilities
uses, for example, Markov localization.

Thereafter, the vehicle identification apparatus identifies
vehicles corresponding to the radar information and the GPS
information based on the calculated probabilities (Operation
140). That is, among four situations radar 1 & GPS 1 60,
radar 1 & GPS 2 61, radar 2 & GPS 1 62, and radar 2 & GPS
2 63, combinations corresponding to large probability values
are selected, and vehicles corresponding to the selected
combinations are identified.

As is apparent from the above description, a vehicle-to-
vehicle (V2V) communication-based vehicle identification
apparatus and an identification method thereof in accordance
with one embodiment of the present invention perform
stochastic analysis using GPS information and radar sensing
information through vehicle communication and identify
neighboring vehicles based on the stochastic analysis, thus
more accurately identifying the neighboring vehicles.

Although a few embodiments of the present invention
have been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. A V2V communication-based vehicle identification
apparatus comprising:

a radar sensor unit sensing radar information correspond-

ing to relative distances to object vehicles;

a GPS module unit generating GPS information from GPS
satellites;

a V2V communication unit transmitting the generated
GPS information to the object vehicles and receiving
GPS information of the object vehicles from the object
vehicles through vehicle to vehicle (V2V) communi-
cation; and

a controller calculating probabilities that the GPS infor-
mation of the object vehicles is located within reference
areas, which are determined based on the sensed radar
information, and identifying one or more vehicles
corresponding to the radar information and the GPS
information of the object vehicles based on the calcu-
lated probabilities,

wherein the controller selects at least one combination of
which a probability value among the calculated prob-
abilities is larger than a reference value, and identifies
one or more vehicles corresponding to the radar infor-
mation and the GPS information of the selected com-
bination.

2. The V2V communication-based vehicle identification
apparatus according to claim 1, wherein the controller sets
oval areas as areas where the object vehicles are located
based on the sensed radar information.

3. The V2V communication-based vehicle identification
apparatus according to claim 2, wherein in the oval areas,
only linear radar detection is permitted.
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4. The V2V communication-based vehicle identification
apparatus according to claim 1, wherein the controller
calculates the probabilities Bel(x,) that the GPS information
of the object vehicles will be located using Equation 1
below,

bel(x;) =np(z | x)bel(x,) [Equation 1]

Bel(x;)) = fp(xm | x,)bel(x,)d x,

= Z Py | X )bel(x,)

Xt

here, m is a normalization constant, z, is an improved
relative distance between a processed GPS position and
a radar position, p(z,/x,) is a measurement accuracy
probability, and p(x,+11x,) is a state transition update
probability.

5. A V2V communication-based vehicle identification

method comprising:

sensing, by a radar sensor unit radar, information corre-

sponding to relative distances to object vehicles;

receiving, by a V2V communication unit, GPS informa-
tion of the object vehicles from the object vehicles;

setting, by a controller, oval areas within which the object
vehicles are located based on the sensed radar infor-
mation;

calculating, by the controller, probabilities that the GPS
information of the object vehicles is located within the
set oval areas;

identifying, by the controller, one or more vehicles cor-
responding to the radar information and the GPS infor-
mation of the object vehicles based on the calculated
probabilities; and

selecting at least one combination of which a probability
value among the calculated probabilities is larger than
a reference value, and identifying one or more vehicles
corresponding to the radar information and the GPS
information of the selected combination.

6. The V2V communication-based vehicle identification
method according to claim 5, wherein in the oval areas, only
linear radar detection is permitted.

7. The V2V communication-based vehicle identification
method according to claim 5, wherein the probabilities
Bel(x,) that the GPS information of the object vehicles will
be located are calculated using Equation 1 below,

bel(x,) =np(z, | x,)bel(x,) [Equation 1]

Bel(x;)) = fp(xm | x,)bel(x,)d x,

=3 pluer | x)bellx,)

Xt

here, m is a normalization constant, z, is an improved
relative distance between a processed GPS position and
a radar position, p(z,/x,) is a measurement accuracy
probability, and p(x,+11x,) is a state transition update
probability.



